Objectives: To investigate the role of bronchoscopic intervention in the management of postoperative tracheobronchial stenosis, a retrospective study was performed at a tertiary referral hospital.
Postoperative tracheobronchial stenosis (POTS) may result from disruption of the vascular supply, tension of the anastomotic site, or infection. 1, 2 Despite better understanding of bronchial healing and the vascular supply of the tracheobronchial tree, POTS still occurs in 1.8% to 8.7% of patients and remains a serious complication of tracheobronchial resection with or without end-to-end anastomosis. [3] [4] [5] The treatment of choice for benign tracheobronchial stenosis is segmental resection of the stenosis site with end-toend anastomosis. 6 Regardless of whether POTS occurs after airway resection with or without lung parenchymal resection, however, most affected patients cannot undergo surgical correction because of low remaining lung function, poor general condition, and technical difficulties. In these situations, bronchoscopic interventions, such as airway stenting, ballooning, laser, and mechanical bouginage, may be reasonable therapeutic modalities, along with the development of intervention techniques. 7 However, there are few reports on the efficacy or safety of bronchoscopic interventions for POTS. This study therefore investigated the efficacy and safety of interventional bronchoscopy for POTS.
MATERIALS AND METHODS Study Population
The study was approved by the institutional review board of Samsung Medical Center, a 1950-bed tertiary care general hospital in Seoul, Korea. A retrospective review of medical records was performed for all patients between January 2000 and July 2010 for whom all the following conditions were met: (1) the patients underwent surgery; (2) airway stenosis developed postoperatively, as confirmed by chest radiography, computed tomography, or bronchoscopy, (3) respiratory symptoms related to POTS, such as dyspnea, cough, or chest pain, were present; and (4) bronchoscopic interventions were performed to widen the stenotic airway. In total, 35 patients met these inclusion criteria. Patients were excluded if they had less than 2 months of follow-up or postprocedural information because of emergency referral from another hospital. Ultimately, 30 patients were included.
The following data were investigated and analyzed: demographic characteristics, underlying diseases, reason for surgery, type of surgery, pulmonary function tests at baseline and after the procedure, interventional bronchoscopic findings, methods of bronchoscopic intervention, clinical outcome, and procedure-related complications.
Airway Intervention Techniques
The indications for bronchoscopic intervention in our institution were as follows: (1) more than 50% stenosis in the trachea or complete or almost complete atelectasis of 1 lung and (2) symptomatic dyspnea (greater than American Thoracic Society grade 3), cough, or chest pain.
Airway anatomy and function were evaluated by chest radiography, computed tomography, flexible bronchoscopy, and, if possible, spirometry. Airway intervention was performed according to the standard techniques of Colt and Dumon 8 and of Kim. 9 After induction of general anesthesia, patients were intubated with a rigid bronchoscopic tube (Hopkins; Karl Storz GmbH & Co, Tuttlingen, Germany). A flexible bronchoscope (EVIS BF 1T240; Olympus Corporation, Tokyo, Japan) was then introduced through the rigid bronchoscope, and the airway narrowing was evaluated.
For ballooning, a 10-or 12-mm controlled radial expansion balloon (Boston Scientific Corporation, Natick, Mass) was inflated 2 or 3 times to 3 atmospheres for 20 seconds. When localized dense fibrosis was observed, an Nd:YAG laser (LaserSonics, Milpitas, Calif) was used to cut the fibrotic bands with a G56D noncontact fiber (LaserSonics). Fibrotic stenoses were also gently dilated mechanically with a rigid bronchoscope (bouginage), followed immediately by stent insertion.
Silicone stenting was indicated when (1) malacia of more than 180 of the angle of the dilated lumen was observed, (2) the longitudinal stenotic segment was longer than 2 cm, or (3) there was a third recurrence of airway narrowing after ballooning. Airway stents were implanted according to the standard technique described by Dumon. 10 A stent of the appropriate size was folded longitudinally, introduced into a stent pusher, and properly repositioned with alligator forceps.
After airway intervention, symptomatic relief was determined by a dyspnea scale survey administered on postprocedure day 1. Patients were usually discharged from the hospital 1 to 3 days after the procedure and were followed up 1, 3, 6, 9, and 12 months after the procedure with chest radiography and spirometry. Bronchoscopy and chest computed tomography were performed when needed to reassess the stent position and effectiveness. Stent removal was planned once the patients had been in stable condition for longer than 6 months.
Stents
In this study, the types of stents used were the Natural stent (M1S Co, Seoul, Korea), the Dumon stent (BryanCorp, Woburn, Mass), the Y-stent (BryanCorp), and the Montgomery T-tube (Koken, Tokyo, Japan). No metal stents were used.
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The Natural stent is a silicone stent developed at the Samsung Medical Center in 2002. Studies in a canine model of tracheal stenosis and clinical experience in patients with benign tracheobronchial stenosis have shown that the Natural stent is as effective and safe as the Dumon stent. 12, 13 Either the Dumon or Natural stent was selected according to the availability and bronchoscopist's preference.
The Y-stent is a Y-shaped silicone stent designed for stenoses of the trachea, both bronchi, and the carina. The Montgomery T-tube was used in patients with upper tracheal stenosis, usually after a postoperative tracheostomy. 14 
Statistical Analysis
Continuous variables are expressed as the median and range, and categoric variables are expressed as numbers with percentages. To assess the effectiveness of bronchoscopic interventions according to objective data, the forced expiratory volume in 1 second (FEV 1 ) values before and after bronchoscopic interventions were compared with the Wilcoxon signedrank test. The survival curve of patients was calculated with the KaplanMeier method. All statistical tests were 2-tailed, and P values <.05 were considered to indicate statistical significance.
RESULTS

Baseline Patient Characteristics
The baseline characteristics of the study populations are summarized in Table 1 . Malignant neoplasms (50%) were the most common reason for surgery, and the most common operation was tracheal resection and anastomosis (33%). The interval from surgery to interventional bronchoscopy was a median of 54 days (range, 4-481 days). Before interventional bronchoscopy, baseline pulmonary function tests were conducted in 13 of 30 patients (43%). Their percentage of predicted FEV 1 was 55% (range, 25%-84%).
Bronchoscopic Findings and Interventions
The bronchoscopic findings and interventions are summarized in Table 2 . The types of stenosis could be classified as fibrous stricture, overgrowth of granulation tissue, and malacia.
The most common method of airway intervention was stent insertion, which was performed in 19 of 30 patients (63%). There were a total of 50 stents placed (33 Natural stents, 13 Y-stents, 3 Dumon stents, and 1 Montgomery T-tube), and a median of 2 (range, 1-15) stents per patient were used. The interventions usually involved a combination of modalities, however, such as ballooning, bouginage (mechanical dilatation with rigid tubes), and Nd:YAG laser cauterization. In total, 106 interventional bronchoscopic procedures were performed in the 30 patients. A median 
Outcomes and Complications
The overall clinical outcomes are summarized in Table 3 and Figure 1 . Improvement of dyspnea was achieved 1 day after the first intervention in 29 of 30 patients (97%). Because many patients were unable to complete spirometry because of their severe dyspnea and poor general condition, 9 patients underwent pulmonary function testing both before and after the procedures. In these patients, the percentage of predicted FEV 1 was improved significantly, by 22% (À31% to 200%) relative to baseline values.
Overall 19 (63%) patients were treated with stents; stents were inserted during the initial bronchoscopic intervention in 14 patients and during the follow-up interventions in 5 patients. In 7 of 19 patients, the stent could be removed. The median duration of stent placement in these patients was 7 months (1-22 months), and the duration of followup after stent removal was 57 months (13-74 months). In 1 of these 7 patients, we failed to widen the stricture of the right bronchus intermedius that occurred after a sleeve right upper lobectomy performed to treat lung cancer.
In the remaining 12 patients, the stent was not removed. In 8 patients, there were extensive losses of cartilage and persistent malacia after endobronchial tuberculosis (n ¼ 4), radiation therapy (n ¼ 2), or chemical burn (n ¼ 2). The remaining 2 patients refused removal (n ¼ 2). The median duration of stent placement in these 12 patients was 16 months (2-101 months).
During the entire follow-up period, 11 (37%) patients underwent bronchoscopic intervention without stenting. Among these patients, 1 patient underwent pneumonectomy because of massive hemoptysis and suspected restenosis because of the sequelae of pulmonary tuberculosis, unrelated to the interventional bronchoscopic procedure. In another patient, we failed to widen the stenosis of the right main bronchus that occurred after a sleeve right upper lobectomy for lung cancer.
Overall, 3 of 30 patients (10%) in whom bronchoscopic intervention failed could not undergo any surgical correction because of low remaining lung function, poor general condition, and technical difficulties. In 2 of these 3 cases, we referred patients back to their hometown hospitals with supportive care after follow-up durations of 3.3 and 11.4 months from the last intervention. The other patient died of cancer progression after a follow-up duration of 18.2 months from the last intervention.
Overall complications are shown in Table 3 . Minor complications, such as pain and fever, were relatively common, but there were no cases of procedure-related pneumonia or death. Within 30 days after the procedure, repeated intervention was needed in 9 patients (30%), including endotracheal intubation within less than 2 days in 2 patients (7%) and stent repositioning as a result of migration in 2 patients (11%). Stent-related late complications were common (70%). Restenosis developed in 13 patients (43%), granulation tissue formed at the site of the procedure in 10 patients (33%), mucostasis necessitated bronchoscopic toilet in 9 patients (30%), stent migration occurred in 6 patients (32%), and malacia of the trachea or bronchus after stent removal developed in 3 patients (16%). Repeated bronchoscopic interventions were needed to treat these complications. FIGURE 2. Survival curves after first bronchoscopic intervention of patients with postoperative tracheobronchial stenosis (POTS) for all causes, for benign disease, and for malignant disease. No significant difference could be seen between postoperative tracheobronchial stenosis associated with benign disease and that associated with malignant disease by log-rank test (P ¼ .121). The survivals among patients with POTS of all causes at 3 and 5 years after first intervention were 89% and 82%, respectively.
Disease Course and Survival
During follow-up, 5 patients died within a median of 50 months (20-79 months) . The cause of death was not related to POTS or interventional bronchoscopy in any cases. Causes of death were cancer progression (n ¼ 2), acute leukemia (n ¼ 1), H1N1 influenza-related pneumonia (n ¼ 1), and massive hemoptysis (n ¼ 1). The survival probabilities, as evaluated with the Kaplan-Meier method, are shown in Figure 2 . The probability of being alive at 3 years after the first interventional bronchoscopy was 89%; the probability at 5 years was 82%.
DISCUSSION
In this study, immediate improvement of dyspnea was achieved in 97% of the patients after interventional bronchoscopy. Objectively, the percentage of predicted FEV 1 also increased significantly, by 22% (À31% to 200%) after the intervention. These positive results are consistent with the results obtained with other causes of benign tracheobronchial stenosis. [15] [16] [17] [18] [19] [20] Five patients died during the follow-up period, but no deaths was associated with POTS or interventional bronchoscopy. It was very encouraging that only 3 of these 30 nonsurgical patients had failure of bronchoscopic intervention and that there were no procedure-related deaths.
Most patients (70%) did have late complications, such as restenosis (43%), granulation formation (33%), mucostasis (30%), stent migration (32%), and malacia after stent removal (16%). These rates are consistent with studies of patients with benign tracheobronchial stenosis other than POTS. 13, 15, 16, 21 Even with this high incidence of late complications, repeated bronchoscopic interventions could control most of the complications except in 3 cases. Patients undergoing bronchoscopic intervention do require close monitoring, because the initial procedure is often not durable and a third of patients will require repeated interventions throughout their course.
Malacia after stent removal occurred in 3 of 19 patients with stenting (16%); this has not been reported in studies of benign tracheobronchial stenosis with other causes, such as postuberculosis and postintubation stenosis. We suggest that the malacia resulted from excessive tension after agonistic anastomosis, decreased vascularity of the bronchial wall, and continued inflammation caused by suture material, followed by broad, transmural injuries of the bronchial wall. In these 3 cases, the stents could not be removed within 7, 25, and 78 months after the malacia developed. The stent may have caused damage to the airway wall, leading to malacia, especially in patients who received a stent but did not have malacia in the first place.
Our experience included 8 patients with POTS after simple lobectomy. Seven of the 8 patients had calcified lymph nodes near the lobectomy stump before the surgery. Although there was no evidence of reactivation of tuberculosis in these patients, the cause of calcified lymph nodes is likely related, because tuberculosis was highly prevalent in South Korea 20 years ago. It might be postulated that POTS could be a result of the adjacent calcified lymph nodes and associated chronic granulomatous inflammation.
This study has several limitations. First, it was a retrospective study of a heterogeneous patient population with various interventions and outcomes; thus, the objective data to prove clinical efficacy are lacking. The reason for this lack of objective data is that the patients were critically ill at the time of intervention. Although interventions were usually performed in a critical situation, we used accepted methods and guidelines of bronchoscopic intervention. Postprocedure efficacy was therefore determined during the same hospitalization, rather than through longer term follow-up. Second, this case series was small; however, this is only the first study to evaluate the results of POTS statistically. Third, some outcomes were measured by subjective methods. For example, symptomatic relief was determined by a dyspnea scale survey. Finally, because this study was performed in a single institution in Korea, selection bias is probable. Ten of 30 patients (33%) were referred from other hospitals, so it is impossible to investigate the exact total number of patients with airway complications after the surgery.
In conclusion, interventional bronchoscopy appears to be an alternative treatment modality for patients with POTS in whom surgery is not feasible. Further clinical studies should follow.
